Introduction
============

Patients with acute coronary syndrome (ACS) usually experience additional cardiovascular events.[@b1-tcrm-12-353],[@b2-tcrm-12-353] However, the first event was normally considered as primary end point in the analysis, both in randomized controlled trials and observational studies,[@b3-tcrm-12-353]--[@b5-tcrm-12-353] resulting in the loss of evaluation of recurrent events. This does not reflect the real-world situation in which patients often experience multiple cardiovascular events. However, the occurrence of subsequent events in addition to the first event is important to both the physicians and patients and should therefore be considered in outcome analysis.[@b1-tcrm-12-353],[@b2-tcrm-12-353],[@b6-tcrm-12-353]

Well-established research has shown that patients who achieved low-density lipoprotein cholesterol (LDL-C) levels below 70 mg/dL had an associated decrease in cardiovascular events or mortality.[@b5-tcrm-12-353],[@b7-tcrm-12-353]--[@b11-tcrm-12-353] In our setting in Thailand, we found that for ACS patients treated with statins who achieved LDL-C goal \<70 mg/dL, the likelihood of experiencing a first cardiovascular event was reduced compared with patients with LDL-C ≥100 mg/dL (adjusted hazard ratio \[HR\] =0.42; 95% confidence interval (CI) =0.18--0.95; *P*-value =0.037).[@b5-tcrm-12-353] Recently, the new 2013 ACC/AHA guidelines on cholesterol management[@b12-tcrm-12-353] as well as NICE guidelines on lipid modification[@b13-tcrm-12-353] have abandoned LDL-C goal as a target for therapy in patients treated with statins due to the lack of evidence from randomized controlled trials supporting that achieving LDL-C goal was associated with a reduction in cardiovascular events. The discontinuation of treating to LDL-C target has been debated among experts and some physicians.[@b14-tcrm-12-353]--[@b16-tcrm-12-353] On the contrary, some guidelines such as the 2011 ESC/EAS guidelines for the management of dyslipidemias[@b17-tcrm-12-353] and the 2014 National Lipid Association[@b18-tcrm-12-353] still use the LDL-C goal as target for therapy. In our previous study, some ACS patients suffered multiple recurrent cardiovascular events following the first event,[@b5-tcrm-12-353] which led us to investigate if ACS patients who reach LDL-C levels of \<70 mg/dL will reduce their likelihood of experiencing the total subsequent events. If this is the case, treating to LDL-C levels of \<70 mg/dL (\<1.8 mmol/L) is further supported as a target. In that case, it would be desirable to use the LDL-C goal of \<70 mg/dL to prevent both the first and recurrent cardiovascular events.

Methods
=======

Ethical approval
----------------

The Research Ethics Committee, Faculty of Medicine, Chiang Mai University, Chiang Mai, Thailand, approved this study protocol prior to the commencement of the study. Since this study is a retrospective study where patients' information were retrieved from medical records and database of hospital, the Ethics Committee did not need informed consent from the patients.

Setting and study population
----------------------------

The study design and results of the first cardiovascular event in relation to reaching the LDL-C goal of \<70 mg/dL have been published previously.[@b5-tcrm-12-353] In brief, the study was carried out at a university-affiliated hospital in the north of Thailand, the Maharaj Nakorn Chiang Mai Hospital, which has 1,400 patient beds and serves 1,300,000 outpatients and 48,000 inpatients from the northern part of the country each year.[@b19-tcrm-12-353] We reviewed the medical charts and electronic hospital database to find patients with a diagnosis of ACS according to the *International Statistical Classification of Diseases and Related Health Problems*, 10th Revision, code of I20 (angina pectoris) or I21 (acute myocardial infarction), between 2009 and 2012. Information collected for these patients included demographic data, comorbidities, risk factors for coronary artery disease, current medication, and laboratory results including lipid profiles: total cholesterol, LDL-C, high-density lipoprotein cholesterol, and triglycerides. Patient data were included into the analysis if records indicated that patients were aged ≥18 years, diagnosed with ACS (unstable angina \[UA\], non--ST-elevation myocardial infarction \[NSTEMI\], or ST-elevation myocardial infarction \[STEMI\]) on discharge date; treated with statins; had LDL-C levels measured at baseline (during admission) and at the first follow-up between 2 weeks to 1 year to determine achieving LDL-C goal; followed from the date of LDL-C goal assessment until the occurrence of the last recurrent cardiovascular events or until December 31, 2012, whichever came first, or the last entry on the medical record of a patient.

Measurement of LDL-C goal and total recurrent cardiovascular outcome
--------------------------------------------------------------------

Patients had their LDL-C levels assessed on their first follow-up and were subsequently classified into three groups based on their LDL-C levels: \<70 mg/dL (\<1.8 mmol/L), 70--99 mg/dL, and ≥100 mg/dL (reference group). An LDL-C \<70 mg/dL was considered as achieving the LDL-C goal based on the 2011 ESC/EAS guidelines for the management of dyslipidemias.[@b17-tcrm-12-353]

The outcome in this study was the occurrence of any recurrent cardiovascular event experienced by a patient, namely nonfatal ACS (myocardial infarction \[MI\] or UA), nonfatal stroke, or all-cause mortality. Occurrences of the events included the first cardiovascular event and all subsequent events for each patient; the total recurrent cardiovascular events were considered as the outcome in the analysis. The occurrences of the events must happen following the LDL-C goal assessment for each patient. We considered all cardiovascular events equally (ie, we weighted death and recurrent MI or stroke equally). For example, if a patient had only a nonfatal stroke, this was classified as having only the first recurrent event; if a patient had a nonfatal MI, and then subsequently had a stroke, this patient was characterized as having two recurrent events.

Statistical analysis
--------------------

We categorized patients based on their LDL-C levels at the first follow-up visit into one of three groups: \<70, 70--99, and ≥100 mg/dL. We reported baseline characteristics of patients in numbers, and percentage for categorical variables, and means with standard deviations for continuous variables. We carried out one-way analysis of variance or the Fisher's exact test, as appropriate, to compare the differences among these three groups. Whereas the analysis from the previous study used the first cardiovascular events as the outcome variable,[@b5-tcrm-12-353] the present study used the total recurrent events as the outcome, and was carried out using multiple time-to-events analysis. We used the Wei--Lin--Weissfeld (WLW) method for our analysis, which uses multiple time-to-event data with a marginal approach based on the Cox proportional hazards model.[@b20-tcrm-12-353] The WLW method regards a total-time approach, which is the time from LDL-C goal assessment to the occurrence of each recurrent cardiovascular event. With this method, all subjects are considered at risk for all recurrent cardiovascular events.[@b20-tcrm-12-353],[@b21-tcrm-12-353] The hazards ratios adjusted for the potential confounders (ie, sex, age, diabetes mellitus, hypertension, serum creatinine, angiotensin-converting enzyme inhibitors/angiotensin II receptor blockers, revascularization, and baseline LDL-C level) are presented to show the association between LDL-C goal attainment and total recurrent cardiovascular events. All analyses were carried out with STATA software, version 12 (StataCorp LP, College Station, TX, USA); and two-tailed tests were used for all analyses with a *P*-value of \<0.05 considered to be statistically significant.

Results
=======

Of 1,089 patients hospitalized with ACS at the study hospital between 2009 and 2012, 684 patients were excluded from the analysis due to the lack of LDL-C levels at baseline or follow-up ([Figure 1](#f1-tcrm-12-353){ref-type="fig"}). Baseline characteristics between the two groups were similar except age; included patients were younger than excluded patients (64.9±11.5 vs 67.2±12.9 years; *P*-value =0.003).

Median follow-up time from the date of measurement of LDL-C goal to the last follow-up date or until December 31, 2012, was 1.94 years (interquartile range of 0.92--2.64). The three groups of patients, categorized according to their LDL-C levels (\<70, 70--99, and ≥100 mg/dL), were similar in most other baseline characteristics except that patients with LDL-C \<70 mg/dL were older and had lower baseline LDL-C levels compared with the other two groups ([Table 1](#t1-tcrm-12-353){ref-type="table"}). Twenty-seven percent of patients (110/405) achieved an LDL-C goal of \<70 mg/dL. Of 405 ACS patients who were included in the analysis, 46 patients experienced at least one recurrent cardiovascular event; a single event occurred in 36 patients, two events in six patients, three events in two patients, four events in one patient, and seven events in one patient ([Table 2](#t2-tcrm-12-353){ref-type="table"}). The most common recurrent cardiovascular event was nonfatal ACS (MI or UA): ten events in patients with LDL-C \<70 mg/dL, 20 events in patients with LDL-C 70--99 mg/dL, and 23 events in patients with LDL-C ≥100 mg/dL. All ten deaths were considered as a single event because all ten patients died without having prior cardiovascular events.

The results from the analysis using the WLW method show that ACS patients treated with statins who achieved LDL-C levels \<70 mg/dL had a lower incidence in total recurrent cardiovascular events compared to patients with an LDL-C ≥100 mg/dL (adjusted HR =0.29; 95% CI =0.09--0.87; *P*-value =0.028). Similarly, patients with LDL-C levels between 70 and 99 mg/dL were less likely to experience total recurrent cardiovascular events compared with patients with LDL-C levels ≥100 mg/dL, but this was not statistically significant (adjusted HR =0.53; 95% CI =0.23--1.26; *P*-value =0.154) ([Table 3](#t3-tcrm-12-353){ref-type="table"}).

Discussion
==========

Our study investigated the impact of achieving LDL-C levels \<70 mg/dL on total recurrent cardiovascular events, using the WLW analysis for multiple time-to-events data. Results show that those ACS patients treated with statins who achieved the LDL-C goal had a reduced risk to suffer recurrent cardiovascular events, compared with those patients with LDL-C ≥100 mg/dL.

Multiple time-to-events analysis has been developed and applied to many studies, including investigations into cardiovascular diseases.[@b1-tcrm-12-353],[@b2-tcrm-12-353],[@b6-tcrm-12-353],[@b22-tcrm-12-353]--[@b24-tcrm-12-353] The PROVE IT-TIMI 22 trial,[@b2-tcrm-12-353] the IDEAL trial,[@b6-tcrm-12-353] and the TNT trial,[@b24-tcrm-12-353] for instance, showed a reduction in not only the first cardiovascular event but also the recurrent cardiovascular events in patients who received intensive statin therapy compared to those on usual dose statin therapy. The PROVE IT-TIMI 22 trial in patients with ACS[@b2-tcrm-12-353] showed that more potent statin therapy with atorvas-tatin 80 mg daily was shown to reduce first cardiovascular event by 16%, *P*-value =0.005, and subsequent event by 19%, *P*-value =0.009, as compared with moderate potent statin therapy with pravastatin 40 mg daily.[@b2-tcrm-12-353] The IDEAL trial in patients with a history of confirmed acute MI demonstrated that intensive statin therapy (atorvastatin 80 mg daily) was more effective than standard statin therapy (simvastatin 20--40 mg daily) in the prevention of repeated occurrences of cardiovascular events, even beyond the first cardiovascular event. Compared with standard therapy, the relative risk reduction in patients with intensive therapy was reduced by 17% for the first cardiovascular event (*P*-value \<0.0001), by 24% for the second event (*P*-value \<0.0001), by 19% for the third event (*P*-value =0.035), by 24% for the fourth event (*P*-value =0.058), and by 28% for the fifth event (*P*-value =0.117).[@b6-tcrm-12-353]

This study, to the best of our knowledge, is the first to investigate the impact of achieving the LDL-C target of \<70 mg/dL on total recurrent cardiovascular events, using the WLW method, in the real-world practice. Our findings show that ACS patients treated with statins who achieved LDL-C levels of \<70 mg/dL were at reduced risk for total recurrent cardiovascular events. This adds to the knowledge that showed the impact of reaching the LDL-C goal reduced the first cardiovascular event, as reported in our previous study (HR =0.42; 95% CI =0.18--0.95; *P*-value =0.037).[@b5-tcrm-12-353] When considering only the first recurrent cardiovascular event, the risk was reduced by about 58% for patients who achieved the LDL-C goal; further, the risk was reduced by about 70% when the total recurrent cardiovascular events were taken into account; adjusted HR =0.29; 95% CI =0.09--0.87; *P*-value =0.028. However, all recurrent events are considered in this type of analysis to reflect the real-life situation, and death may preclude the development of multiple recurrent events. Therefore, we did further analyses by separating the outcomes as only deaths or only recurrent cardiovascular events ([Table 4](#t4-tcrm-12-353){ref-type="table"}). The analysis that included only ten deaths as the outcomes (excluded 36 patients with recurrent events) with adjustment of potential confounders showed that patients who achieved LDL-C goal of \<70 mg/dL were less likely to die as compared to patients with LDL-C ≥100 mg/dL, but it was not significant (HR =0.22; 95% CI =0.04--1.07; *P*-value =0.061). The further analysis, excluding ten deaths, that included only 36 patients with recurrent events as the outcomes revealed that patients who achieved LDL-C goal of \<70 mg/dL were less likely to experience total recurrent events as compared to patients with LDL-C ≥100 mg/dL, but it was not significant (HR =0.44; 95% CI =0.14--1.41; *P*-value =0.169). Although the results of the additional analyses were not statistically significant, partly due to a small sample size, the results provided a hint that patients achieving LDL-C \<70 mg/dL were less likely to experience total recurrent cardiovascular events.

Our study suggests that the total recurrent events should be considered in the analysis to reflect the real-life situation. Our findings highlight the importance of treating to an LDL-C target of \<70 mg/dL, suggesting that attention should be paid to ACS patients who cannot achieve the desired LDL-C target to prevent not only the first event but also subsequent cardiovascular events. Importantly, this study supports the use of the LDL-C goal of \<70 mg/dL as a target therapy in dyslipidemia management according to the recommendation by the 2011 ESC/EAS guidelines for the management of dyslipidemias[@b17-tcrm-12-353] and the 2014 National Lipid Association[@b18-tcrm-12-353] and as a means of communication between physicians and patients on patients' progress to prevent subsequent cardiovascular events.

The WLW method has been widely used for analysis of chronic disease with multiple events,[@b6-tcrm-12-353],[@b23-tcrm-12-353],[@b25-tcrm-12-353] including multiple cardiovascular events.[@b6-tcrm-12-353],[@b23-tcrm-12-353] The WLW method was chosen for our analysis based on our research question of whether attaining the LDL-C goal results in reduced total recurrent cardiovascular events after the LDL-C goal is reached. This method uses the time from LDL-C goal assessment to the last recurrent cardiovascular events or the last follow-up date; therefore, each patient is considered to be at risk for all occurrences of recurrent cardiovascular events from the beginning of the observation point, which is from the date of LDL-C goal measurement.[@b6-tcrm-12-353],[@b20-tcrm-12-353],[@b26-tcrm-12-353]

Limitations
-----------

Some limitations should be noted when interpreting the results. The first limitation is the retrospective study design; hence many patients needed to be excluded due to missing data. Even though potential confounders were controlled through statistical analysis, residual confounders may remain. Second, the number of all ACS patients included in our study is quite small, especially patients who experienced more than one recurrent cardiovascular event; however, it is still reasonable to hypothesize that achieving an LDL-C goal \<70 mg/dL is associated with a reduction in total recurrent cardiovascular events in real-world practice. A larger study with a bigger study population and/or a longer period of follow-up is warranted. Third, our analyses are based on the LDL-C goal assessment at the first follow-up visit, which happened between 2 weeks to 1 year, so that changes in the LDL-C levels of patients during the follow-up period were not taken into account. Fourth, other confounders that we did not control for -- such as comorbidities (apart from hypertension and diabetes mellitus), adherence to drug therapy, eating behaviors, and daily lifestyle -- may be better in those patients with LDL-C \<70 mg/dL, and these can affect the results.

Finally, our analysis is based on the WLW method that considers all patients to be at risk for all events; however, some authors suggest that this type of analysis may lead to overestimation of the effect.[@b6-tcrm-12-353],[@b21-tcrm-12-353],[@b27-tcrm-12-353]

Despite its limitations, our study reflects real-world practice where patients can experience multiple recurrent events. Our analysis considered total recurrent events, not only the first event to reflect this.

Conclusion
==========

Based on the multiple time-to-event analysis with the WLW method, ACS patients treated with statins who achieved an LDL-C goal of \<70 mg/dL were less likely to experience total subsequent cardiovascular events compared to patients with LDL-C ≥100 mg/dL. Our finding supports the "treat to LDL-C target" approach. The LDL-C goal of \<70 mg/dL should be used as a target for ACS patients in routine clinical practice to prevent both the first and total recurrent cardiovascular events.
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**Abbreviations:** ACS, acute coronary syndrome; LDL-C, low-density lipoprotein cholesterol.](tcrm-12-353Fig1){#f1-tcrm-12-353}

###### 

Baseline characteristics of patients classified by LDL-C levels at the first follow-up visit (n=405)

  ----------------------------------------------------------------------------------------------------
  Characteristics            LDL-C \<70 mg/dL\   LDL-C 70--99 mg/dL\   LDL-C ≥100 mg/dL\   *P*-value
                             (n=110)             (n=155)               (n=140)             
  -------------------------- ------------------- --------------------- ------------------- -----------
  Age (years)                67.4±10.8           64.6±11.9             63.3±11.4           0.016

  Male sex                   64 (58.2)           100 (64.5)            81 (57.9)           0.425

  Diabetes mellitus          31 (28.2)           46 (29.7)             40 (28.6)           0.970

  Hypertension               71 (64.6)           92 (59.4)             88 (62.9)           0.675

  Serum creatinine (mg/dL)   1.7±2.3             1.4±1.9               1.3±0.9             0.240

  ACEI/ARB                   71 (64.6)           95 (61.3)             91 (65.0)           0.780

  PCI                        39 (35.5)           59 (38.1)             61 (43.6)           0.392

  CABG                       0 (0.0)             2 (1.3)               3 (2.1)             0.382

  LDL-C (mg/dL)              97.7±41.5           112.6±39.8            123.3±39.7          \<0.001
  ----------------------------------------------------------------------------------------------------

**Note:** Numbers are n (%) or mean ± standard deviation (SD).

**Abbreviations:** LDL-C, low-density lipoprotein cholesterol; ACEI/ARB, angiotensin-converting enzyme inhibitors/angiotensin II receptor blockers; PCI, percutaneous coronary intervention; CABG, coronary artery bypass surgery.

###### 

Recurrent cardiovascular events by LDL-C levels (n=405)

  ----------------------------------------------------------------------------------------------------------------------------------------------
  Variables                                                              LDL-C \<70 mg/dL\   LDL-C 70--99 mg/dL\   LDL-C ≥100 mg/dL\   Total
                                                                         (n=110)             (n=155)               (n=140)             
  ---------------------------------------------------------------------- ------------------- --------------------- ------------------- ---------
  Median follow-up time, IQR (years)                                     2.12, 1.11--3.01    1.89, 0.84--2.57      1.85, 0.92--2.78    0.164

  Mean follow-up time ± SD (years)                                       1.99±1.03           1.74±1.05             1.83±1.09           0.154

  LDL-C at first follow-up ± SD (mg/dL)                                  56.9±10.51          83.8±8.6              124.2±24.6          \<0.001

  Number of patients with recurrent cardiovascular events (n=405)                                                                      

   No event                                                              101                 138                   120                 359

   Single event                                                          6                   13                    17                  36

   Two events                                                            2                   2                     2                   6

   Three events                                                          1                   1                     0                   2

   Four events                                                           0                   1                     0                   1

   Seven events                                                          0                   0                     1                   1

   Total                                                                 9                   17                    20                  46

  Number of recurrent cardiovascular events in 46 patients with events                                                                 

   Single event                                                          6                   13                    17                  36

   Two events                                                            4                   4                     4                   12

   Three events                                                          3                   3                     0                   6

   Four events                                                           0                   4                     0                   4

   Seven events                                                          0                   0                     7                   7

   Total                                                                 13                  24                    28                  65

  Type of recurrent cardiovascular events in 46 patients with events                                                                   

   Nonfatal ACS                                                          10                  20                    23                  53

   Nonfatal stroke                                                       1                   1                     0                   2

   Death                                                                 2                   3                     5                   10

   Total                                                                 13                  24                    28                  65
  ----------------------------------------------------------------------------------------------------------------------------------------------

**Abbreviations:** LDL-C, low-density lipoprotein cholesterol; ACS, acute coronary syndrome; IQR, interquartile range; SD, standard deviation.

###### 

Hazard ratios showing the effect of LDL-C levels on total recurrent cardiovascular events with the analysis by the WLW method and adjustment of potential confounders

  LDL-C levels                                                       Adjusted HR   95% confidence interval   *P*-value
  ------------------------------------------------------------------ ------------- ------------------------- -----------
  LDL-C ≥100 mg/dL                                                   1.00          Reference                 
  LDL-C 70--99 mg/dL                                                 0.53          0.23--1.26                0.154
  LDL-C \<70 mg/dL (achieved goal)                                   0.29          0.09--0.87                0.028
  Age (years)                                                        1.07          1.03--1.11                0.001
  Male sex                                                           1.59          0.75--3.38                0.225
  Diabetes mellitus                                                  1.46          0.71--3.02                0.307
  Hypertension                                                       1.46          0.53--4.03                0.468
  High serum creatinine[a](#tfn4-tcrm-12-353){ref-type="table-fn"}   3.11          1.34--7.24                0.008
  ACEI/ARB                                                           1.22          0.51--2.91                0.659
  Revascularization                                                  0.39          0.13--1.16                0.092
  Baseline LDL-C (mg/dL)                                             0.99          0.99--1.00                0.749

**Note:**

Male ≥1.5 mg/dL, female ≥1.4 mg/dL.

**Abbreviations:** HR, hazard ratio; LDL-C, low-density lipoprotein cholesterol; ACEI/ARB, angiotensin-converting enzyme inhibitors/angiotensin II receptor blockers; WLW, Wei--Lin--Weissfeld.

###### 

Hazard ratios showing the effect of LDL-C levels on total recurrent cardiovascular events with the analysis by the WLW method

  Outcomes                                                        Adjusted HR[a](#tfn6-tcrm-12-353){ref-type="table-fn"}   95% confidence interval   *P*-value
  --------------------------------------------------------------- -------------------------------------------------------- ------------------------- -----------
  Deaths and recurrent cardiovascular events as outcomes (n=46)                                                                                      
   LDL-C ≥100 mg/dL                                               1.00                                                     Reference                 
   LDL-C 70--99 mg/dL                                             0.53                                                     0.23--1.26                0.154
   LDL-C \<70 mg/dL (achieved goal)                               0.29                                                     0.09--0.87                0.028
  Deaths as outcomes (n=10)                                                                                                                          
   LDL-C ≥100 mg/dL                                               1.00                                                     Reference                 
   LDL-C 70--99 mg/dL                                             0.44                                                     0.11--1.71                0.237
   LDL-C \<70 mg/dL (achieved goal)                               0.22                                                     0.04--1.07                0.061
  Recurrent cardiovascular events as outcomes (n=36)                                                                                                 
   LDL-C ≥100 mg/dL                                               1.00                                                     Reference                 
   LDL-C 70--99 mg/dL                                             0.72                                                     0.28--1.84                0.493
   LDL-C \<70 mg/dL (achieved goal)                               0.44                                                     0.14--1.41                0.169

**Note:**

Adjusted with age, sex, diabetes mellitus, hypertension, serum creatinine, ACEI/ARB, revascularization, and baseline LDL-C level.

**Abbreviations:** HR, hazard ratio; LDL-C, low-density lipoprotein cholesterol; ACEI/ARB, angiotensin-converting enzyme inhibitors/angiotensin II receptor blockers; WLW, Wei--Lin--Weissfeld.
